It is of real and direct significance for China to cope with oil price fluctuations and ensure oil security. This paper aims to quantitatively analyze the specific contribution ratios of the complex factors influencing international crude oil prices and to establish crude oil price models to forecast long-term international crude oil prices. Six explanatory influential variables, namely Dow Jones Indexes, the Organization for Economic Cooperation and Development oil stocks, US rotary rig count, US dollar index, total open interest, which is the total number of outstanding contracts that are held by market participants at the end of each day, and geopolitical instability are specified, and the
Introduction
Petroleum is the pillar of the bulk commodities. In addition to its basic commodity attributes, petroleum has strong special financial and political attributes. In past decades, international crude oil prices experienced significant ups and downs and attracted extensive attention across the academic and industrial communities (Wu and Zhang 2014) . The drastic fluctuations of international crude oil prices could have played an important role in national economic power (Han et al. 2017; Yao et al. 2017; Timilsina 2015; Yu et al. 2015; Wang and Zhang 2014; Zhang 2011; Wei et al. 2008; Jiang and Jiang 2005) , inflation and unemployment (Du et al. 2010; Uri 1996) , stock markets (Cong et al. 2008) , fundamental industries (Jiao et al. 2012) , financial markets (Zhang 2013; Zhang and Wang 2013) , political situation, military strength (Jianwei et al. 2017 ) and national security . Moreover, with the rapid development of China's economy, it has become the second largest oil consumer and the third highest oil-importing country in the world. Its dependence on imported oil exceeds 65% (Wu and Zhang 2014) . Therefore, it is necessary to make a comprehensive and systematic review and qualitative and quantitative analysis of all factors affecting the international oil price fluctuation and to forecast crude oil price as accurately as possible. It is of real and direct significance for the China Petroleum and Chemical Corporation (Sinopec) to be able to cope with the fluctuation of international crude oil prices and to ensure oil security and procurement. As shown in Fig. 1 , in August 1990, due to the Iraqi invasion of Kuwait, the United Nations put a total embargo of oil exports from Iraq and Kuwait. The outbreak of Gulf War and the United Nations embargo led directly to a reduction in crude oil supply by 4.7 million barrels/day in the international oil market, which was 7% of the global aggregate demand at that time (Yan 2012) . Following this, the international Brent oil price rose from $19.59 per barrel in February 1990 to $35.03 per barrel in October 1990. However, thanks to the timely increased production in OPEC countries, the supply shortage of 3 million barrels per day in this oil crisis was quickly supplemented. So, compared with the previous two crises, the fluctuation of international oil price brought by this oil crisis didn't last too long and didn't have a substantial impact on the world economy. After this crisis, oil prices fell back to the low level of before the war, i.e., $19.22 per barrel. From 1997 to 1998, the strong impact of the Asian financial crisis on world economy (according to IMF, the economic growth in 1998 was only 2.8%) and oil demand in 1997, the international Brent oil price dropped continuously and fell to $10 per barrel, historically low levels, in December 1998. Afterward, due to the three times underproduction implemented by OPEC, the international oil price quickly rose to around $25 per barrel at the end of the year 1999. Throughout 1990s, oil prices fluctuated smoothly, which basically maintained the range from $10.19 per barrel to $35.03 per barrel.
In the 21st century, there were some new features in the international crude oil market, including the increasing globalization of the oil market, the rapid growth of oil demand in non-OECD countries and the strengthening in the financial attributes of petroleum. The international crude oil prices showed large fluctuations and upward shocks. They fell from $25.22 per barrel in January 2000 to $19.06 per barrel in December 2001 due to the weakening of the US and global economies and the slowdown in oil demand caused by the ''911'' attacks and then continually went up to $32.18 per barrel in February 2003, the eve of the outbreak of the Iraq war. From 2000 to 2004, the economic resurgence brought a rapid increase in crude oil demand. Oil demand in OECD and Asia rose by 0.6% and 4.8% annually, respectively (IEA). Since 2005, the oil prices gradually entered into a high-level stage and increased to a record high in July 2008, i.e., $134.56 per barrel. Not only the Iraq war, Venezuela and Nigeria strikes and the hurricanes (Ivan, Katrina and Rita), but also the rapid growth in the global economy, the tight supplydemand balance, high spirits in speculations from other finance and commodity trading markets into oil market and the devaluation of US dollar caused by the reduction of interest rates of Fed pushed up oil prices. Afterward, because of the global financial crisis, world oil demand was slashed and oil price dramatically slumped toward about $43.05 per barrel in December 2008. Since February 2009, however, the oil price has experienced short-term low-level fluctuations and then rebounded continuously. In February 2011, oil price exceeded $100 per barrel again in just five months, i.e., $104.03 per barrel. From January 2011 to June 2014, the oil price remained volatile at a high level with a slight upward trend (Wu and Zhang 2014) . However, high oil prices led to a significant increase in shale oil production in the USA. The transition from tight supplydemand to loose supply-demand dominated the international oil prices, which basically fluctuated within the range of $95-$130 per barrel. From the second half of 2014, oil production in USA had been growing rapidly, driven by the breakthrough in shale oil technology and the repeal of the 40-year-old US oil export embargo in December 8, 2015. In addition, the substantial growth in OPEC oil supply, weak oil demand, stronger US dollars and the increase in speculation caused oil prices to descend again to $31.93 per barrel in January 2016. Subsequently, oil prices have been slowly shored up above $50 per barrel because OPEC and non-OPEC producers reached an agreement on production reductions for the first time in November 30 and December 8, 2016, respectively. Some scholars believe the international oil price depends mainly on the supply and demand balance (Bunn et al. 2017; Mi et al. 2017; Zhang et al. , 2017 . Based on the above detailed reviews of the historical international oil market and oil price, it is demonstrated that the determinants influencing oil price fluctuations at different stages are not only the fundamental factors of supply and demand like other bulk commodities, but also many other invisible and complex factors such as the influence of dollar exchange rate fluctuation, opportunistic practices in the futures market, geopolitical instability and emergencies, the security of the oil traffic path (Zhang and Yao 2016; . Therefore, which factors play a leading role in the fluctuation of international oil prices at different stages and what are the relative contributions of the main factors? And how will the international oil market and the trend of international oil prices develop in the future? It is hoped that the answers to the above questions will be helpful for the relevant oil investors to analyze and forecast international crude oil prices, and for policy makers to monitor and regulate the crude oil market.
To accommodate the multitude of factors that potentially determine oil prices, six groups of full explanatory factors in this study can be classified as possible contributors to the development of crude oil prices: Economics, Fundamentals, Technology, Finance, Speculation and Geopolitics. And all the influential factor groups don't necessarily contradict, but rather may complement one another. This paper attempts to divide the whole fluctuation range of international crude oil prices from January 1990 to August 2017 into several sub-periods and examine different variables relating to each of these six groups. Furthermore, we investigated the long-term relationship between international crude oil prices and selected determinants by using co-integration theory to quantitatively analyze the contribution of different factors to international crude oil prices at different stages. Then, we examined whether the empirical results are in accordance with the corresponding qualitative characteristics of the historical oil market and the fluctuation of oil prices. Subsequently, we established the oil price forecast models, VAR (Vector Autoregressive) model and VEC (Vector Error Correction) model, to make predictions of international oil prices from January 1990 to August 2017 inside of the sample and from September 2017 to December 2022 outside of the sample.
The remainder of this paper is organized as follows. Section 2 proposes the related literature review, and Sect. 3 describes the data definitions and econometric methodologies, namely VAR and VEC models. Section 4 provides the empirical results and analyses, and Sect. 5 puts forward main conclusions as well as policy implications.
Literature review
It is hardly surprising that oil price determinants have become a popular area of research. Some previous studies have already looked at the interacting relationships between international crude oil prices and the factors influencing them. On the Economic factor side, the fall in oil prices has positive real output effects for the global economy and lower oil prices have been good for the US economy since the 2008 financial crisis (Mohaddes and Pesaran 2017; Ratti and Vespignani 2016) . On the Fundamental factor side, a change in market structure could have contributed to OPEC exercising its market power, and demand response to crude oil prices has almost doubled during the crisis (Genc 2017) . On the Oil Exploration Technology factor side, the US total oil rigs and total gas rigs variables provide an approximate indication of the current level of US production. Most notably, the number of US oil rigs has increased significantly over the last ten years, while the rise in the number of gas rigs has been less pronounced (Breitenfellner et al. 2009 ). On the Financial factor side, the relationship between oil price shocks and the bilateral exchange rate of the US dollar against currencies in 16 OECD countries was investigated (Chen et al. 2016a, b) . Empirical results show evidence of a long-run equilibrium relationship between oil price and exchange rate, especially for currencies of the key oil-exporting countries (Mensah et al. 2017) . On the Speculation factor side, it is demonstrated that the impact mechanisms of investor attention have significant negative impacts on oil prices during 2004-2016 and contributes 15% to the longrun fluctuation of oil prices (Yao et al. 2017) . The instantaneous feedback of speculators on crude oil price proves significant. The speculators' impact on oil price has strong linearity but weak nonlinearity. The linear influence is symmetric when oil price goes up or down. When the oil price is highly volatile, speculation has a clear linear impact on it (Zhang 2013) . On the Geopolitical Instability factor side, when analyzing the impacts of China's oil imports on international oil prices, the unexplained fluctuations of oil prices may result from the geopolitical events. (Wu and Zhang 2014) . However, geopolitical indicators are not easy to quantify. The present studies mainly adopted qualitative methods to describe the impacts of political events on oil price fluctuation, and comparatively fewer studies have quantitatively estimated the impact of political instability on the oil prices. The first quantitative assessment of the influence of political event on oil prices may have originated from the publications about OPEC and world crude oil markets from 1973 to 1994 (Coleman 2012; Alhajji and Huettner 2000) . The previous quantitative researches can be divided into three categories (Chen et al. 2016a, b) . One of the three categories is that the occurrence time of the political events as the basis for division of the study period and the breakpoints are often regarded as 0-1 dummy variables. In 2000-2015, this category was applied at the time point of major oil events (Zhou 2016) . In addition to the research into a single influential factor of international crude oil prices, some scholars have investigated the comprehensive indicators affecting the oil prices (Miao et al. 2017; Wang and Sun 2017; Zhu et al. 2015; Yan 2012; Breitenfellner et al. 2009 ). Nevertheless, according to the historical features of international oil market and oil prices of each subperiod, the present research does not quantitatively analyze the specific contribution of the various influential factors to international crude oil prices, which is one innovative aspect in this paper.
Considering the econometric methodologies of investigating the relationship among international crude oil prices and their influencing variables, VAR and VEC models have been widely used. The transmission and feedback mechanisms between international crude oil prices and China's refined oil prices for the time span from January 2011 to November 2015 are based on VAR and VEC models (Han et al. 2017 ). An empirical study on the relationship between prices of crude oil and retail refined oil based on VAR model is currently unavailable (Jiang 2013) . However, VAR and VEC models have been less applied to statistically forecast long-term international crude oil prices in current literature. This is another innovative aspect of this paper. Table 1 show that in the economic factor group, all of the examined variables satisfy the first criterion. But considering the second criterion, DJI, the most representative barometer of the American economy and worldwide mature stock market, is the most appropriate. In the fundamental market factor group, non-OECD oil demand, worldwide oil demand, OECD oil stocks and OPEC surplus oil production capacity have economic significance on the international Brent crude oil prices. OECD oil stocks is the most appropriate factor, because in some sense, the difference between oil supply and oil demand has reflected the change in oil stocks and these two types, which represent the fundamental variables, cannot be used simultaneously. Besides, compared to OPEC surplus oil production capacity, OECD oil stocks are more negatively related to the Brent oil prices. In the oil exploration technology group, we select the US rotary rig count, highly positively related to Brent oil prices. In the financial market factor group, US dollar index (USD), as an aggregative indicator of the weighted average value of six major currencies against US dollars, reflects the exchange rate of US dollars in the international foreign exchange market and measures the exchange rate of the US dollars against a basket of currencies. USD has a strong negative correlation coefficient on Brent oil prices. In oil exploration technology, we select the US rotary oil rig count as a proxy. In the speculation factor group, the net positions of Large traders, Managed money and Small traders have economic significance for Brent oil prices. TOI, however, has a more positive relationship on Brent oil prices. Important geopolitical and historical events (e.g., the Second Gulf War from August 1990 to April 1991 and the Iraq War in 2002) are also accounted for by using 0-1 dummy variables. In addition to the explained variable, international Brent oil prices, six explanatory variables are eventually specified for each influential factor groups: DJI, OECD oil stocks, US rotary rig count, US dollar index, TOI, Geopolitical instability, which are quoted as pbrent, dji, oeoi, rig, usdx, toi, gpo. Since variable units are not uniform, normalized units of pbrent, oeoi and toi are USD/barrel, barrel and barrel, respectively. The diagrams in Fig. 2 illustrate the relationship between these six influential variables and international Brent crude oil prices. All data are on a monthly basis and are transformed into logarithmic values before further investigation, which does not change the original co-integration relation between variables (Sun 2013) and can linearize the trends and eliminate the heteroscedasticity in the time series. The logarithmic variables are denoted as lpbrent, ldji, loeoi, lrig, lusdx, ltoi and gpo, respectively. The whole sample, January 1990 to August 2017, is divided into the six sub-periods January 1990 to December 1996, January 1997 to 3.2 VAR and VEC models based on cointegration theory
Co-integration theory
The co-integration method studied by Engle and Granger (Ford and Dickinson 2010) facilitates the analysis of non-stationary time series. If the linear combination of these non-stationary variables can form a stationary time series, the resulting linear combination is called a co-integration equation, which means these variables exhibit a co-integration relationship. In this paper, the Johansen multivariate co-integration test method (Engle and Granger 1987; Bondia et al. 2016; Ouyang and Lin 2015; Johansen 1988; Johansen and Juselius 1990; Moore and Copeland 1995) is used to carry out the co-integration test. The Johansen co-integration test is based on VAR. The original time series variables must be guaranteed to be in the same order sequence. The basic principle of the Johansen cointegration test is to analyze the rank of the matrix P in Eq. (1).
If the rank of P is equal to n, y t is a stationary variable. If the rank of P is equal to 0, there is no long-run cointegration relationship existing between the variables. If the rank of P in the range of 0*n, there are r long-term co-integration relationships existing between the variables.
The Johansen co-integration test has two test statistics: the trace test statistic k trace and the maximum eigenvalue test statistic k max , which are shown in Eq. (4) and Eq. (5).
VAR and VEC models
VAR and VEC models are commonly used in systems forecasting interrelated time series and analyzing the dynamic impact of random disturbances on a system of variables (Ghysels 2016; Park et al. 2011) .
VAR is an unstructured model, which means the relationship between variables is not based on economic theory. VAR constructs the model by treating every endogenous variable in the system as a function of lagged values of all of the endogenous variables in the system. The most general mathematical expression of VAR is:
where y t is a k-dimensional vector of endogenous variables; y tÀi ¼ i ¼ 0; 1; . . .; p ð Þ is a lagged endogenous variable vector; x tÀi ¼ i ¼ 0; 1; . . .; r ð Þis a d-dimensional vector of exogenous variables or a vector of lagged exogenous variables; P; r are the lag order of endogenous variables and an exogenous variables; k Â k dimensional matrix A t and k Â d dimensional matrix B i are the coefficient matrices to be estimated. e t is a k-dimensional random disturbance vector.
VEC is actually a vector autoregressive model with cointegration constraints on the basis of time series variables and only applicable to modeling of non-stationary time series variables with long-term co-integration relations. The first-order difference time series variables obtained by the error correction method are almost orthogonal, which can eliminate the multiple collinearity between the time series variables and improve the explanatory strength of model equations. If k variables of Ið1Þ have a co-integration relationship in y t , Eq. (6) without exogenous variables can be written as Eqs. (7) and (8):
where ECM tÀ1 is an error correction term. Each equation in Eq. (8) is an error correction model. The error correction term reflects the long-run equilibrium relations among the variables (co-integration relationship), which means deviations from the long-run equilibrium can be corrected by a series of partial short-term adjustments. a is the coefficient vector of the error correction term and represents the adjustment speed to the long-term equilibrium state, when the balanced relationship between variables deviates from the long-term equilibrium. C i is the coefficient of the lag difference term Dy tÀi of each explanatory variable and reflects the effects of short-term fluctuations of each variable on Dy t . Without imposing theoretical restrictions on endogeneity among variables, VAR and VEC models can be appropriate to establish the dynamics between the international Brent crude oil prices and all the influential variables. The quantitative analysis software, Eviews6.0, is used in this study to carry out the analysis.
Empirical analysis and forecast
4.1 Contributions of influential factors to Brent oil price
Optimal lag order determination
First of all, it is necessary to conduct the optimal lag order analysis, which can reduce and eliminate the autocorrelation between variables in residuals and reflect the dynamic characteristics of the model (Ng and Perron 2001) . However, the longer the optimal lag order is, the more the value of the parameter to be estimated and the less the freedom in the model. This will directly affect the validity of the model estimation. When the optimal lag order is too small, residual autocorrelation problems may be present, which can result in inconsistencies of parameter estimation. So, it is necessary to balance between the optimal lag order and freedom.
To analyze the optimal lag order, there are five evaluation criteria, namely Likelihood Ratio (LR), Final Prediction Error (FPE), Akaike Information Criterion (AIC), Schwarz Information Criterion (SC) (Pedroni 2008) and Hannan-Quinn Information Criterion (HQ). Taking the third sub-period in January 2003 to December 2006 as an example, results for the lag order are given in Table 2 , which shows that the lag order selected by the 3 criteria LR, SC and HQ is 1. The optimal lag order analysis of other five sub-periods is the same as that of the first subperiod. Ultimately, the optimal lag order of each sub-period is 2, 2, 1, 1, 1 and 2, respectively.
ADF unit root test for stationary tests
Because of the spurious regression problems, non-stationary variables should not be directly used in the regression model. Otherwise, the direct use of non-stationary variables for regression analysis leads to a high output value and a very significant t value, but the estimation and analysis of the model doesn't have any substantive significance (Granger and Newbold 1974) . It is necessary to implement a stationary test, namely the unit root test, before establishing VAR and VEC models (Xu and Lin 2016; Blanco et al. 2013 ). The Augmented Dickey-Fuller (ADF) of the unit root test method is commonly applied to check sequence stationary (Dickey and Fuller 1979; Jansson and Nielsen 2012; Gavaliere 2014) . The test models of the ADF unit root test method are as follows.
where e t is a random disturbance term; D is a differential operator. Equation (9) represents the model with no intercept and no trend. Equation (10) represents the model with intercept and no trend. Equation (11) represents the model with intercept and trend. The specific test starts with Eq. (11), then Eqs. (10) and (9). Only when the final test is done, we can know whether the original time series has a unit root. Table 3 provides the results of the ADF unit root tests for the time series of the third sub-period in January 2003 to December 2006. It can be found that the ADF unit root test statistics of these seven variables are greater than 1%, 5% and 10% test critical values. That is, the null hypothesis of a unit root cannot be rejected at the 1%, 5% and 10% significance level, which means all the variables are non-stationary sequence. Then, the stationary test of all the variables in the first-order difference is conducted. The ADF unit root tests indicate that the test statistics of these seven variables are lower than 1%, 5% and 10% critical values. That is, the null hypothesis of a unit root in the firstorder difference can be rejected for all the variables at the 1%, 5% and 10% significance level, which means all the variables form a stationary sequence. After the ADF unit root test for all the variables in the whole sub-periods, it can be concluded that all the 
Johansen co-integration test
The Johansen co-integration test method previously introduced in Sect. 3.2.1 is used to carry out the co-integration test to examine whether there is a long-term stable relationship between variables (Engle and Granger 1987; Bondia et al. 2016; Ouyang and Lin 2015; Johansen 1988; Johansen and Juselius 1990; Moore and Copeland 1995) . According to the co-integration theory Eqs. (1)- (3), the results are shown in Table 4 . The trace statistic of ''no cointegration relationship'' is equal to 143.77, which is greater than the 0.05 critical value, so it can reject the original hypothesis H 0 that there is no co-integration relationship. The trace statistic of ''at most one co-integration relationship'' equals to 90.99, which is smaller than the corresponding 0.05 critical value, so it cannot reject the alternative hypothesis H 1 that there is one co-integration relationship. The Max-Eigen statistic of ''no co-integration relationship'' and ''at most one co-integration relationship'' is equal to 52.77 and 41.21, respectively, which are greater than the 0.05 critical value, so it can reject the original hypothesis H 0 and the alternative hypothesis H 1 . The MaxEigen statistic of ''at most two co-integration relationship'' is equal to 24.97, which is smaller than the corresponding 0.05 critical value, so it cannot reject the alternative hypothesis H 2 . In other words, there is at least one longterm stable equilibrium relationship between international Brent crude oil prices and influential variables at the 0.05 level. After the Johansen co-integration tests for all the variables of the whole sub-periods, it can be concluded that there is one long-term stable equilibrium relationship between the international Brent crude oil prices and influential variables at the 0.05 level. Inverse roots of the AR characteristic polynomial of the co-integration relationship are shown in Fig. 3 . The VAR stability condition check is shown in Table 5 . It can be seen that no root lies outside the unit circle and VAR (1) satisfies the stability condition.
The co-integration relationship of the third sub-period from January 2003 to December 2006 is shown in Table 6 .
According the Table 6 , the long-term co-integration equation between the international Brent crude oil prices and influential variables is shown in Eq. (12).
From Eq. (12), it can be seen that the elasticity coefficients of the impacts of lpbrent, ldji, loeoi, lrig, lusdx, ltoi and gpo on lpbrent are 10.77, -2.90, -1.79, -0.49, 5.59 and 0.35, respectively. Thus, the contribution ratios of the six explanatory variables to the explained variable lpbrent On the whole, the long-term co-integration relationships between the international Brent crude oil prices and all the influential variables of each sub-period can be calculated as follows from Eqs. (13)- (17). 
Comprehensive quantitative and qualitative analysis
From Eqs. (12)- (17), in terms of the co-integration relationships between international Brent crude oil prices and all the influential variables of each sub-period, the comprehensive contribution ratios can be eventually calculated in Table 7 . Besides, the results in Table 7 can be graphed in Fig. 4 for comprehensively quantitative and qualitative analysis. Then, from the perspective of the whole sub-periods and all the influential variables, examine whether the quantitative results are in accordance with the corresponding qualitative characteristics of historical oil market and the fluctuation of oil prices.
(1) From the perspective of all the whole sub-periods. In the first sub-period from January 1990 to December 1996, after the outbreak of Gulf War in 1990, the first comprehensive international energy cooperation was conducted. In addition to Iran, OPEC agreed to increase their oil production in order to make up for the supply shortage in the international oil market due to the embargo of the United Nations on Iraq. Thus, the fundamental factor plays a leading role in the fluctuations of international crude oil prices. The contribution ratio of loeoi is above 50.0%. In the second sub-period from January 1997 to December 2002, after the strong impact of the Asian financial crisis on the world economy and oil demand, OPEC conducted a reduction of output three times. The fundamental factor remained the strong role in leading oil price fluctuations. The contribution ratio of loeoi is 48.2%. In the third sub-period from January 2003 to December 2006, the effect of loeoi, the proxy of fundamental factor group, on the international Brent oil prices diminished to 13.3%. The rapid growth in the global economy, the devaluation of the US dollar and high spirits of speculators in the crude oil market are the main . 01-1996.12 1997.01-2002.12 2003.01-2006.12 2007.01-2008.12 2009.01-2014.06 2014.07-2017 .08
Six sub-periods monthly Contribution ratios of influential variables, % drivers pushing up the international Brent crude oil prices. The effects of ldji and ltoi, the proxies of the economic factor group and speculation factor group, account for 49.2% and 25.5%, respectively. In the fourth sub-period from January 2007 to December 2008, after the global financial crisis, the international Brent crude oil prices dropped mainly because of the declines in oil demand and speculations and the stronger US dollar. The main influential factors affecting the fluctuations of Brent crude oil prices returned from the speculations to the fundamental factor. The effects of loeoi, ldji and ltoi account for 32.3%, 39.1% and 13.5%, respectively. In the fifth sub-period from January 2009 to June 2014, the economic factor, the fundamental factor and geopolitical instability are the main influential factors of Brent crude oil prices, which account for 18.5%, 44.1% and 4.6%. In the sixth sub-period from July 2014 to August 2017, oil production in US had been The overall quantitative analysis results show that the impacts of all the influential variables at the whole subperiods on the international Brent crude oil prices are consistent with the qualitative analysis results of the characteristics of the fluctuations of international crude oil markets and Brent crude oil prices. This illustrates that the co-integration relationships between international Brent crude oil prices and all the influential variables at each subperiods have strong explanatory power.
Forecasts for Brent oil prices inside and outside of the sample
After a quantitative analysis of the contribution ratios of each influential explanatory variable on the international Brent crude oil prices, we established the oil price forecast VAR and VEC models in the whole sample from January 1990 to August 2017. Similarly, we determined the optimal lag order. The results of VAR estimates and model diagnostic tests are shown in Table 8 . The VAR are fitted well, and the overall effect of the model is good.
Establishment of oil price forecast model VEC
According to Eqs. (7) and (8) 
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The results of VEC estimates and model diagnostic tests are shown in Table 9 . The overall fitting effect of the VEC model is not superior to VAR.
Brent crude oil price forecasts for 1990-2017 inside of the sample
With the dynamic solution and static solution, we used the above VAR and VEC models to forecast the international Brent crude oil prices from January 1990 to August 2017 inside the sample. The dynamic solution uses the predictive value of each sequence rather than actual observation to iteratively calculate and can forecast the future variables outside of the sample. Although it can't show short-term fluctuations in prices, it can reflect the price trends better. Thus, it is suited to long-term forecasts. The static solution uses the actual observation value of the lag period of each sequence to determine the next forecast value. However, it can only predict the future values of one period outside of the sample. This solution can better show short-term fluctuations than long-term trends of prices. Thus, it is suited to short-term forecasts. For dynamic solution and static solution of VAR and VEC models, a set of sequences containing the original sequence lpbrent and the analog sequence lpbrent (Baseline) can be established, which are shown in Fig. 5 . It can be seen that compared to the dynamic solution, the static solution results of VAR and VEC models are closer to the actual international Brent crude oil prices. For the static solution results inside of the sample, the absolute error of VEC is a slight larger than that of VAR. The forecast effect of VAR is better than VEC. From the point of view of IEA, obviously, the fundamental factor is still a big driver influencing the fluctuations of international Brent crude oil prices. Two scenarios can be set up to analyze the development of oil prices: low development scenario and high development scenario. The high reservoir development scenario means that if new oil projects are to be launched, worries about low reserve oil production capacity will be eased, and the crude oil futures curve will be more resilient. Thus, the international Brent crude oil prices will slowly rise along the forecast results of VEC. The low reservoir development scenario means that if new oil projects continue to be blocked, the reserve crude oil production capacity will further reduce. Thus, the increased fluctuations of oil prices will accelerate along the forecast results of VAR. Overall, from the forecast trends of international Brent crude oil prices from September 2017 to December 2022, both VAR and VEC models have good forecast effects, which are coincide with the possible future developments in the international oil market and the international oil prices.
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Conclusions and policy implications
This paper attempts to divide the whole fluctuation range of international crude oil prices from January 1990 to August 2017 into several sub-periods and examine different variables relating to each of these six groups: Economics, Fundamentals, Technology, Finance, Speculation and Geopolitics. Furthermore, we investigated the long-term relationship between international crude oil prices and selected determinants by using co-integration theory to quantitatively analyze the contribution degree of different factors to international crude oil price at different stages. Finally, we established the oil price forecast models VAR and VEC to make predictions of international oil price from January 1990 to August 2017 inside of the sample and from September 2017 to December 2022 outside of the sample. It is demonstrated that in addition to the explained variable, international Brent oil prices, six explanatory variables are eventually specified for each influential factor groups: DJI, Oil stocks of OECD, US rotary rig count, US dollar index, TOI, Geopolitical instability, which are quoted at pbrent, dji, oeoi, rig, usdx, toi, gpo. The whole sample, January 1990 to August 2017, is divided into the 6 sub-periods January 1990 to December 1996, January 1997 to The breakdown is useful in that it proxies phases of key international Brent oil price developments. Secondly, after the Johansen co-integration tests for all the variables of the whole sub-periods, it can be concluded that there is one long-term stable equilibrium relationship between the international Brent crude oil prices and influential variables at the 0.05 level. In addition, from the perspective of the whole sub-periods and all the influential variables, the contribution ratios of all the influential variables to Brent crude oil prices are in accordance with the corresponding qualitative characteristics of the historical oil market and the fluctuation of oil prices. The established co-integration relation equations present stronger explanatory power. Furthermore, based on the co-integration theory, we established the oil price forecast models VAR and VEC. From January 1990 to August 2017 inside of the sample, both the static simulation results of VAR and VEC are close to the actual international Brent crude oil prices. However, the forecasts effect of VAR is better than VEC. per barrel, respectively. According to the market analysis and forecasts to 2022 of IEA, the downturn in investment will lead to a worldwide supply shortage of crude oil after 2020. In some sense, the forecast results of VAR and VEC are corresponding to a low reservoir development scenario and a high reservoir development of possible future developments in the international oil market and the international crude oil prices. The drastic fluctuation of international oil price will have a significant impact on China, the second largest oil consumer and the third oil-importing country in the world. Supported by the favorable economic situation, substantial growth in petrochemical production and strong demand for car ownership, it is expected that China's oil demand will increase by 1.8 million barrels per day in 2016-2022, with an average annual growth rate of about 2.4%. In addition, the pattern of international crude oil trade will also change. China, India and Southeast Asia will jointly push the international crude oil flow from the west to the east. In the next 5 years, China's net daily imports of crude oil will reach 9.5 million barrels, which is next only to the United States' record of 10 million barrels per day in the beginning of this century. Firstly, in the process of strengthening international cooperation, China should make effective use of foreign resources to ensure energy security. Secondly, the trend of the international crude oil price is needed for our country's refined oil price adjustment. At present, China's dependence on foreign crude oil and gas is more than 65% and 30%. The import price of crude oil in China is greatly affected by the price of international commodity futures market. With this background, China should continue to increase investment, accelerate the national strategic crude oil reserve facilities, increase enterprise reserves infrastructure, enhance the commercial crude oil storage capacity and reduce the impact of the international energy market volatility on China's economy. Thirdly, China will strengthen cooperation with the ''One Belt and One Road'' initiative along the country's energy field, which can enrich China's imports of energy sources to deal with future complicated geopolitical situations.
